Graphene oxide (GO) nanoparticles were incorporated in PVA/PVP blend polymers for the preparation of nanocomposite polymer films by the solution cast technique. XRD, FTIR, DSC, SEM, and UV-visible studies were performed on the prepared nanocomposite polymer films. XRD revealed the amorphous nature of the prepared films. ermal analysis of the nanocomposite polymer films was analyzed by DSC. SEM revealed the morphological features and the degree of roughness of the samples. DC conductivity studies were under taken on the samples, and the conductivity was found to be 6.13 × 10 −4 S·cm −1 for the polymer film prepared at room temperature. A solid-state battery has been fabricated with the chemical composition of Mg + /(PVA/PVP : GO)/(I 2 + C + electrolyte), and its cell parameters like power density and current density were calculated.
Introduction
Nowadays researchers have aimed at graphene-and graphene oxide-(GO-) based materials due to their excellent potential, thermal, and mechanical properties such as conductive coating, sensors, microwave absorbing, and energy storage devices [1] . After the discovery of graphene and graphene oxide, a focus has been made on the nonvolatile memory devices due to their potential applications [2] [3] [4] . Nanocomposite polymer films are prepared by dispersing the nanocomposites in the polymer matrix such as graphite, carbon nanotubes, carbon fiber, nanofillers, and rare earth-doped ions [5] . By doping the nanocomposites in conductive polymers, the enhancement of electrical conductivity is increased at a higher rate [6] .
Graphene, a monolayer of hexagonally packed carbon atoms, has revolutionized both the academic and industrial world to greater extent [7] . Such a huge interest may be owned to its novel properties like high modulus and tensile strength, large theoretical specific surface area, almost transparent and excellent conductivity. Out of many possible functionalized forms of graphene and its composites, polymer-based graphene composites are quite promising candidates due to combined improved properties [8] . A flexible supercapacitor is one of the most important energy storage devices which have been extensively explored in these years [9] . Graphene possesses a honeycomb-like structure with sp 2 -bonded carbon atoms closely packed with oxygen molecules. Graphene has excellent physical and mechanical properties such as high thermal conductivity, tensile strength, high specific surface area, and high mobility of charge carriers [10] . Graphene is also used in many applications such as batteries, solar cells, fuel cells, and supercapacitors [11] [12] [13] . Graphene is widely used as nanofiller in polymer composites for several practical applications on large-scale production.
e strong interaction formed between the polar molecules of GO is due to the presence of oxygen-containing functional groups to give homogenous dispersion [14] . Graphene-doped polymer nanocomposite films have been studied and reported because of their thermal stability [15] , mechanical strength [16] , and improved ionic conductivity [17] .
Magnesium metal has very vast advantages over lithium. It is widely used as anode material in energy storage devices because it is freely available material in the earth crust. When compared to lithium devices, magnesium-based devices have lot of advantages such as low cost, nontoxic, light weight, and higher stability at ambient temperatures.
erefore, magnesium can be replaced with lithium in the fabrication of solid-state batteries [18] . Polyvinyl pyrrolidone (PVP) has chosen because it has excellent characteristics such as optical, mechanical and electrical properties. PVP has ad-chive nature. us, it may be used in electronic circuit boards and display device applications. PVP has good compatibility and can easily form films with large internal area [19] . PVP is easily soluble in distilled water and in organic solvents. It has amorphous nature. Because of its low scattering loss, it can be more useful for optical applications, resulting in the good dispersion and surface formation [20] .
In recent years, polymers such as polyvinyl alcohol (PVA), polyvinylidene fluoride (PVdF), polyethylene glycol (PEG), polyvinyl chloride (PVC), polyacrylonitrile (PAN), polyvinyl pyrrolidone (PVP), and polyvinyl sulfone (PVS) have been prominently used in the development of solid polymer electrolytes (SPEs). In general, SPEs possess ionic conductivity, electrochemical stability, and transport properties similar to their liquid counter parts along with better dynamical properties suitable for electrochemical applications. Among the listed polymeric hosts, polyvinyl alcohol has been intensely investigated. Polyvinyl alcohol (PVA) appears to be very attractive material for preparing proton-conducting polymer electrolyte because this polymer can function as an excellent methanol barrier. Polyvinyl alcohol (PVA) is used in the preparation of nanocomposite polymer films due to its excellent film formation and high mechanical strength. Due to its polymeric behavior, it can be widely used in energy storage devices [21] .
In the present investigation, nanocomposite polymer films were prepared by dispersing GO nanoparticles with PVA/PVP blend polymers to improve the ionic conductivity which is suitable for battery application. e nanocomposite polymer films have better electrochemical stability towards a metal anode and an enhanced cation transport number [22, 23] . On the other hand, in terms of electrical conductivity, graphene oxide is often described as an electrical insulator due to the disruption of its sp 2 bonding networks [24] . e novelty of this present work is to prepare and characterize the graphene-based nanocomposite polymer electrolytes, which can be used for energy storage devices with improved physical, electrical, and mechanical properties. Polymer-based solid-state batteries have been widely studied and investigated. However, the ionic conductivity of inorganic salt-doped polymer electrolytes is relatively low, that is, 10 −5 S/cm. ese low conductive polymer electrolytes are not used in any electrochemical devices. To overcome these problems, graphene-based nanocomposite films were prepared by cost-effective solution cast technique in order to improve their physical and electrochemical properties. e main objective of the present study is to prepare blend polymer electrolyte of PVA/PVP with different weight percent (wt.%) ratios of GO.
e prepared samples were subsequently characterized by XRD, SEM, FTIR, DSC, and UV-visible studies. Electrical measurements were also carried out on the films for solid-state battery application.
Experiment

Chemicals Required.
e materials used in the present investigations and their specifications were graphene: formula weight: 4,239.48 g/mol, carbon (anhydrous) > 50.0%, bulk density: ∼1.8 g/cm 3 , oxidation: 4-10%; polyvinyl alcohol (PVA): average molecular weight: 89,000-98,000, molecular weight of repeat unit: 44.00 g/mol; and polyvinyl pyrrolidone (PVP): average molecular weight � 36,000-40,000, molar mass of PVP 112.88902 ± 0.00010 g/mol. All chemicals used in the present investigation were purchased by ourself from Sigma Aldrich chemicals Ltd., India. for 20 min at room temperature, to get fine dispersion, which was poured in polypropylene dishes and placed in hot air oven at 70°C. A fine nanocomposite polymer thin film was obtained. e prepared film was kept in a desiccator until further test.
Preparation of Nanocomposite Polymer
2.3.
Characterization. X-ray diffraction (XRD) studies were performed by using a Philips analytical X'pert diffractometer in the diffraction "2θ" angular range 10-70°with nickelfiltered CuKα radiation (λ �1.5403Å). Fourier Transform Infrared (FTIR) spectra were recorded with the help of a Perkin Elmer Alpha-E spectrophotometer and heater coil of the furnace recorded in the wave number range 450-4000 cm . e thermal analysis and heat flow in a sample were measured by the differential scanning calorimeter (DSC), Q-2920, TA, and which gives the information about the quantitative and qualitative analysis. Morphological studies were carried out on the prepared samples with different resolutions by using FE-SEM, Carl Zeiss, Ultra 55 model. Optical absorption studies were performed at room temperature using JASCO V-670 Spectrophotometer for the prepared samples in the wavelength range 200-800 nm. e DC conductivity was measured by screening the current with the help of a Keithley electrometer (Model 6514). Discharge characteristics were studied by fabricating a solidstate battery with the configuration of Mg + (anode)/polymer electrolyte/(I + C + electrolyte)/(cathode) for different wt.% ratios of the prepared samples at room temperature for a constant load of 100 kΩ.
Results and Discussion
XRD
Analysis. An X-ray diffraction pattern is essential to obtain the detailed structure and knowledge on the given material. e X-ray diffraction pattern of PVA/PVP : GO is shown in Figure 1 . e parallel beam XRD technique with polycapillary collimating optics can be used to enhance powder XRD experiments. In most reflection arrangements, the sample is typically a flat plate, whereas in transmission arrangement the specimen is traditionally placed in a glass capillary or in the form of a thin foil. e most common reflection arrangement is the parafocusing Bragg-Brentano θ : 2θ geometry with a fixed line source and an angular motion of the specimen (θ) and receiving slit (2θ). e divergence of the line source on the sample is set by aligning the tube at a takeoff angle (∼6°) and controlled by a divergence slit between the sample and X-ray tube. e radial distance between the X-ray source and the specimen is fixed equal to the radial distance between the specimen and the receiving slit.
e diffraction peak showed at 2θ � 20.2°c orresponds to the hexagonal lattice of (002) plane, indicating intercalated H 2 O functionalities in the graphenebased nanocomposite polymer films [25] . Broadening of the peak was attributed to reduction in the crystalline nature of PVA/PVP (semicrystalline) due to cross-linking formation with GO. When GO is dispersed in the polymer matrix, the nanofiller particles get randomly and uniformly distributed in the entire volume of the polymer blend. When the concentration of the filler incorporated in the electrolyte is low, these filler grains are well dispersed from each other.
ese facilities the amorphous phase in the polymer matrix, by perturbing polymer chain packing and reducing crystalline nature in the polymer.
e amorphous phase improves the free volume of the matrix, which makes the polymer chain more flexible and dynamic resulting in the enhancement of ionic conductivity.
e addition of GO reduced the crystalline nature of the PVA/PVP membrane and shifted the peak to lower value. e intensity of the peak is slightly changed by doping with the wt.% of GO to the polymer.
It is clear from Figure 1 that the sharp peak is decreased due to the semicrystalline nature of the nanocomposite polymer films by doping GO with 0.1, 0.2, and 0.3 wt.% ratios. No sharp peak was observed for 0.3 wt.% ratio due to the complete dispersion of GO in the polymer which in turn the semicrystalline to amorphous phase.
us, the nanocomposite polymer films are more flexible and result in an increase in segmental motion, which enhances the ionic conductivity of the film doped with 0.3 wt.% ratio of GO [26] . It is also observed from Table 1 that the full width half maxima (FWHM) decreases with the increase of the wt.% ratio of GO. From the XRD spectra, it is also observed that the crystalline peak of pure PVA/PVP gradually decreases with the increase of GO concentration. e decrement in the crystalline nature can be attributed to the increment of GO wt.%; as a result, intermolecular interaction takes place between PVA/PVP chains and GO, thereby resulting in increase of the amorphous nature of the films. As the GO wt.% ratio increases in the blend polymer, the intensity of the peak seems to be decreased. is change in the intensity of the peak is due to dispersion of GO in the blend polymer composites, which enhances the high ionic conduction in polymer chains, and also the full width half maxima (FWHM) changes as the wt.% ratio of GO changes.
FTIR Studies.
FTIR is a versatile instrument to identify the chemical complex nature among the polymer matrix and encapsulation of different elements in functional groups [27] . FTIR spectra of PVA/PVP : GO are shown in Figure 2 . When the two polymers are mixed, the interaction between PVA/PVP is expected through interchain hydrogen bonding between the hydroxyl group of PVA and carbonyl group of PVP, which arises due to the presence of OH group and the hydrogen bond formation. In order for a vibrational mode in a sample to be "IR active," it must be associated with changes in the dipole moment. A molecule can vibrate in many ways, and each way is called a vibrational mode. For molecules with N number of atoms, linear molecules have 3N-5 degrees of vibrational modes, whereas nonlinear molecules have 3N-6 degrees of vibrational modes (also called vibrational degrees of freedom).
e bands in the wave number range 2900-3600 cm
correspond to the outer phase vibration oscillation of the hydroxyl group (O�H), which are completely mixed with the polymer further. e band positions observed at 698, 1201, 1302, and 1748 cm −1 were corresponding to C-O bending, C-O stretching of hydroxyl group, and C�O stretching vibrations of carboxyl group, respectively [28] . With the increase in the wt.% ratio, the stretching and bending intensity of the peaks slightly shifts to 727, 1220, and 1691 cm Advances in Materials Science and Engineering 3 band at 3395 cm −1 corresponds to the O-H stretching vibration of GO, respectively. FTIR spectra revealed the vibrational oscillation of the hydroxyl group of GO and blend polymers. By increasing the wt.% ratio of GO, the intensities of the peaks have been decreased and broadened. is concludes the increase in the interlayer distance between the polymer chains. As a result, GO can easily penetrate into the hydroxyl group of PVA and carbonyl group of PVP.
DSC Analysis.
Differential scanning calorimetry is an effective tool for analyzing the thermal analysis of the materials such as glass transition temperature (T g ) and melting temperature (T m ) in the polymer electrolytes. e mass employed in this analysis is usually around 3-8 mg. But it is independent of the transition exhibited by the sample. When a dynamic underlying heating rate is chosen, there are two main types of experiments available: modulated heatcool or modulated heat-only and the temperature profiles. If the period and heating rate were 60 seconds and 2°C/min, respectively, the maximum heat amplitude would be only ±0.318°C. Amplitudes less than this value will still provide heat-only conditions, but amplitude greater than this value will represent a modulated heat-cool condition. If a value for a heating rate of 2.5°C/min is required, adding the values for 2.0°C/min and 0.5°C/min will provide the required value.
e amplitudes are minimum for the heating rate of 0°C/min. e DSC spectra of PVA/PVP : GO polymer films are shown in Figure 3 . An endothermic peak of nanocomposite polymer films indicates the glass transition temperature [29] .
is concludes that GO is dispersed in the PVA/PVP matrix. e nanofiller particles get randomly, uniformly distributed in the entire volume of the polymer blend and also observed that the glass transition temperature is found to be 85°C. is results in the amorphous nature of the films. On increasing the wt.% ratio, the melting temperature is decreased and found to be 60 and 55°C. e decrease in T g helps to soften the polymer backbone where the pinholes are formed in the polymer chains, thereby increasing in the movement of ions freely through the material. Figure 3 depicts the existence of dominant endothermic peaks in the temperature ranging from 60 to 95°C, which corresponds to the semicrystalline phase formation in the polymeric films. e polymer electrolyte of PVA/PVP : GO (0.30 : 0.3) exhibits the lower T g value (55°C) indicating more amorphous nature and more flexibility compared with the other polymer electrolytes. is inference was confirmed by XRD analysis. Due to lubricating effect of the polymer chains, the decrease in T g takes place at lower value. Usually, the amorphous nature of the polymer and its flexibility depend on the glass transition temperature. From the figure, it is clearly observed that as increasing the wt.% ratio of GO concentration to the blend polymer, the glass transition temperature is decreased predominantly. is clearly denotes the increment in the amorphous phase of the film.
is amorphous phase makes the electrolyte more flexible, resulting in an increase in segmental motion of the polymer which favors high ionic conduction [30] .
SEM Analysis. Scanning electron microscope is a very
important instrument to analyze and examine the microstructure and morphological surface of the sample. SEM micrographs of the surface and cross section of PVA/PVP : GO blend polymer films are shown in Figures  4(a)-4(c) . e images revealed the morphological phase of the nanocomposite polymer electrolyte system. It was also observed that small chunks were formed due to the dispersion of GO in the polymer matrix. As mentioned in Introduction, pure graphene is hydrophobic and has no appreciable solubility in most of the solvents. When the GO is dispersed in the polymer matrix, the filler particles get randomly and uniformly distributed in the entire volume of the polymer blend. When the concentration of the filler incorporated in the electrolyte is low, these filler grains are well dispersed from each other. In the SEM analysis, the phases are observed due to the uneven distribution of GO in the PVA/PVP polymer matrix with different wt.% ratios (0.1, 0.2, and 0.3), which is clearly observed in Figures 4(a) and 4(b). But in Figure 4 (c) for 0.3 wt.% ratio, dispersion takes place and no phase separation has been observed in the host polymer which enhances the ionic conductivity. As the wt.% of GO increases, the degree of roughness of the films decreases. is shows the amorphous nature of the film. e higher level of GO in PVP/PVA will result in better dispersion of GO, which is confirmed from the SEM images.
is agrees to the XRD analysis. e compatibility of the blend PVA/PVP matrix with GO is uniform and homogenous when the GO content is about 0.3 wt.% ratio. us, it confirms that GO was exfoliated within the PVA/PVP matrix and also revealed the heterogeneous phase of nanocomposite polymer electrolyte systems.
Optical Absorption Studies.
UV-visible spectroscopy is a very important tool used to identify the temperaturedependent vibrational bonds in the UV region, and the 6 Advances in Materials Science and Engineering clusters exhibit the characteristic vibrational modes in energy level. Figure 5 shows the absorbance spectra of PVA/PVP : GO with different wt.% ratios in the wavelength range 200-800 nm. e absorption peak which is observed in the wavelength region 360-380 nm corresponds to π-π * transition of the C�C bond of GO. is is attributed to the surface plasmon bond where the electrons are exited from energy level [31] . e optical bandgap values have been determined by extrapolating the steep portion of the absorption curve to intercept the photon energy axis at a certain point. For different wt.% compositions, the absorption edge has been determined and revealed that the shift in the absorption edge was decreased arbitrarily.
Optical analysis is used to identify the optical bandgap of the materials in the transmitting radiation. e absorption coefficient (α) was calculated from the absorbance (A) value by using the following equitation:
Hence,
In general, semiconductors and insulators are divided into two types: (i) direct bandgap and (ii) indirect bandgap. If the top of the valence band and bottom of the conduction band are the same, then the direct bandgap exists; if it is not the same, then the indirect bandgap transitions are obtained [32] . e direct, indirect bandgaps, and absorption edge values are shown in Table 2 . To calculate bandgap energy values, graphs were plotted between α, (αhυ) 2 , and (αhυ) 1/2 as a function of hυ. Figure 6 shows that the optical absorption spectra of α versus hυ for 0.1, 0.2, and 0.3 wt.% of PVA/PVP : GO films lie at 5.10, 4.95, and 4.45 eV.
e direct bandgap transitions can be determined by the following equitation [33] :
where E g is the bandgap, C is a constant dependent on the specimen structure, α is the absorption coefficient, υ is the frequency of incident light, and h is the Planck constant. Figure 7 shows the direct bandgap of (αhυ) 2 versus hυ curves, which indicate that the values lie at 5.42, 5.10, and 4.96 eV. However, indirect transitions can be determined by the following equitation:
where E p is the energy of the photon associated with the transition and A and B are the constants depending on the band structure. Figure 8 represents the indirect bandgap values of (αhυ) 1/2 versus hυ curves, which indicates the values lie at 4.63, 4.49, and 4.28, respectively. From the obtained values, it is clear that incorporation of small amount of GO dopant in a host lattice results in the decrease of activation energy in polymer chain such that the ionic conductivity is increased.
e optical properties revealed that for the composition of 0.3 wt.%, the bandgap energy is the lowest among all ratios. As a result, the band edge, direct bandgap, and indirect bandgap values showed a decrease with the increase of wt.% of GO, which is responsible for the defects in the polymer films.
ese defects produce the localized states in the optical bandgap [34] [35] [36] . 
DC Conductivity Studies.
e variation of temperature with conductivity of nanocomposite polymer films was studied in the temperature range 303-373 K. e conductivity of blend polymers PVA/PVP was found to be increasing with respect to temperature by adding the GO nanoparticles, which is shown in Figure 9 . e data revealed that the conductivity of PVA/PVP : GO is 3.02 × 10
at room temperature and its value increases sharply to 2.26 × 10 −5 S·cm −1 at 373 K and for other wt.% ratios the values are found to be increasing from 1.19 × 10 −6 to 1.82 × 10 −5 and 5.23 × 10 −5 to 6.13 × 10 −4 S·cm −1 with 0.1, 0.2, and 0.3 wt.% ratios, respectively. From these values, it is observed that the conductivity increases by 2 orders with increasing wt.% ratio of PVA/PVP : GO (0.1, 0.2, and 0.3). From the figure, it is clear that as the temperature increases, the conductivity increases predominantly [37] .
e ionic conductivity of the blend polymer nanocomposite films is increased with the addition of GO wt.% concentration. But, further addition of GO may decrease the conductivity at a higher concentration because of segregations of ions, which decreases overall mobility.
us, the conductivity reduces [38] . e increase in conductivity with temperature was explained by the Arrhenius plots; as the temperature increased, the conductivity of the electrolyte films also increased. is favors hopping mechanism between the coordinating sides, local structure relaxation, and segmental motion of the polymer. is enhances the segmental motion of the ions in the polymer matrix. e DC conductivity is calculated by the Arrhenius relation,
where i is the current, t is the thickness of the film, V is the applied voltage, and A is the area of the cross section of the film. e obtained DC conductivity values are mentioned in Table 3 .
Transference Number.
e transport (transference) number (t) of the samples indicates the sum of current carried by anions, cations, or electrons in terms of the total conductivity (σ). e ionic transference number is defined as the ratio of transference number of any particle/ion to total conductivity (σ T ) [39, 40] . e electronic transference number is defined as the ratio of the transference number of electron/hole conductivity to the total conductivity (σ T ). e transport properties have been calculated by the following equation using Wagner's polarizing technique (Table 4) :
where i t is the initial current and i ele is the final residual current for all compositions of PVA/PVP : GO electrolyte system. e current versus time plots are shown in Figure  10 . Initially polarization and the current rises immediately (anode)/polymer electrolyte/(I + C + electrolyte)/(cathode) at room temperature. e anode and cathode materials were made in the form of a pellet with the thickness of 1 mm [42, 43] . In the fabrication of polymer battery, magnesium metal is used as anode material and for cathode material the mixture of iodine, carbon powder, and electrolyte were used in the ratio (5 : 5 : 1), which enhances its electronic conductivity. e discharge studies were performed for a solid-state battery for a constant load of 100 KΩ with the configuration of Mg + (anode)/(PVA/PVP : GO) electrolyte/(I 2 + C + electrolyte) for different PVA/PVP : GO compositions of (0.20 : 0.1), (0.25 : 0.2), and (0.30 : 0.3), which is shown in Figure 11 . Initially, a rapid decrease in the voltage is occurred; it may be due to the polarization and the formation of thin layer of magnesium salt at the electrode/electrolyte interface [44] [45] [46] . Various cell parameters have been calculated such as power density, energy density, current density, and discharge capacity by the following equations:
Power density � OCV × SCC (Weight of the cell) (W kg),
Energy density � Power density × Hr(Wh kg),
Current density � SCC (Area of the battery) μA cm 2 , (9)
Discharge capacity � SCC Hr μAh −1 .
e obtained conductivity values are shown in Table 5 . Figure 11 shows the discharge characteristics of the solidstate battery with composition (0.30 : 0.3) having highest conductivity, long durability, and exhibited better performance. It is compared with the parameters of other batteries and shown in Table 6 [47] [48] [49] .
Conclusions
Nanocomposite polymer films were prepared with the combination of PVA/PVP : GO by the solution cast technique. XRD showed a sharp diffraction peak at 2θ � 20.2°that corresponds to the hexagonal lattice of (002) plane representing the semicrystalline nature of the prepared sample. Chemical complex nature of the polymer films was confirmed by FTIR analysis. e glass transition temperature and melting temperature were analyzed by using the DSC studies. e optical studies revealed that the polymer films with the lowest activation energy have the highest ionic conductivity. e conductivity was found to be maximum (6.13 × 10 −4 S·cm −1
) for the polymer film prepared with PVA/PVP : GO (0.30 : 0.3) composition at room temperature. By using these polymer electrolyte films, a solid-state battery has been fabricated and the discharge characteristics were studied.
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